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Description 



[0001 ] This invention relates to aqueous metal working fluids comprising of water and a mist suppressing copolymer. 
[0002] Optionally, the fluid may be an oil-in-water emulsion. Such emulsions include oil and an emulsrfier. In addition 
to the mist suppressing copolymer, metal cutting operations often involve a work piece which rotates at relatively high 
speed, and a cutting tool both of which are lubricated by a metal working fluid. Under these high shear conditions, the 
metal working fluid is frequently thrown from the surface of the metal in the form of droplets. Often the droplets are small 
enough to be classified as a mist. Misting, or the formation of a mist is considered undesirable, because it represents a 
loss of the cutting fluid, and the cutting fluid mist is considered a contaminant in the air around the cutting machine. 
[0003] Polymers containing acrylamides are known to thicken aqueous materials. 

[0004] U.S. Patent 5,089,578 discloses novel hydrophobically associated terpolymers containing sulfonate function- 
ality which are useful as aqueous fluid rheology or flow control modifiers. The water soluble monomers are acrylamide 
and a salt of an ethylenicaliy unsaturated sulfonic acid and the water insoluble monomer is a higher alkyt acrylamide 
The ethylenicaliy unsaturated sulfonic acids include materials such as sodium 2-acrylamido-2 methylpropane sulfonate 
The mole percentage of acrylamide is preferably 5 to 98. more preferably 10 to 90 mole percent, the mole percentage 
of the salt of the sulfonate containing monomer is preferably from 2 to 95, and the mole percentage of the hydrophobic 
monomer is preferably from 0. 1 to 1 0.0, more preferably 0.2 to 5 mole percent. 
[0005] Acrylic polymers are.used to control misting in metal working applications. 

[0006] U.S. Patent 4,493,777 discloses substantially oil flee aqueous industrial fluids possessing superior lubricating 
and wear preventing characteristics which are useful as hydraulic fluids and metal working compositions. The fluids of 
the invention comprised one (1) an aqueous liquid and (2) a water soluble synthetic addition copolymer of (a) an ethyl- 
enicaliy unsaturated cross-linking monomer, (b) an ethylenicaliy unsaturated water soluble monomer and (c) an ethyl- 
enicaliy unsaturated water insoluble monomer. The water soluble monomers include acrylamido-2-methylpropane 
sulfonic acid. Water insoluble monomers include styrene compounds, vinyl esters and acrylate esters. The cross-linking 
monomers are polyvinyl compounds which are present in amounts sufficient to control the degree of swellability of said 
copolymerization product, while imparting mechanical reinforcement to said copolymerization product 
[0007] International Patent WO 93/24601 discloses clear water-soluble polymer compounds having mean molecular 
weight higher than 1 million and selected among the polyalkylene oxides, polyacrylamides, polymethacrylamides and 
the copolymers of an acrylamide and/or methyl acrylamide with unsaturated organic carboxylic acids having three (3) 
30 to five (5) carbon atoms, which are used in water-miscible and water mixed cooling lubricants, to reduce mist formation. 
[0008] Polymeric anti-misting additives reduce the misting of machine fluids at the source by stabilizing them against 
break-up during the extreme shear conditions which occur during metal working operations. High molecular weight 
polyethylene oxide) is commonly used in this application. Atypical polymer is POLYOX® available from Union Carbide 
Typically, these polymers have a molecular weight from 1 to 2 million. However, these polymers are susceptible to 
35 shear. Metal working application often involve high shear, and as a result, metal working fluids containing high molec- 
ular weight polyethylene oxide) often suffer in performance when subjected to shear. Such degradation results when 
high shear conditions cause high molecular weight polyethylene oxide) to break down and lose its ability to suppress 
mist formation. In such high shear applications, the polymer must be replenished frequently. 

40 SUMMARY OF THE INVENTION 

[0009] The present invention provides An aqueous metal working fluid comprising water and a mist suppressina 
copolymer formed by copolymerizing: * 

45 (A) at least one hydrophobic monomer selected from the group consisting of 

A(l) alkyt substituted acrylamide compounds represented by the formula: 



w 



15 



20 



25 



Rj O 
CH 2= <UiU< R2 

wherein ^ is a hydrogen or a methyl group and R 2 and R 3 are independently hydrogen or hydrocarbyl groups, 
provided that the total number of carbon atoms in R 2 and R 3 combined is 2 to 36; and 
A(l I) acrylate esters represented by the formula: 



2 



EP0 921 185 A2 




— 0— R 9 



5 



where R 1 is a hydrogen or a methyl group and R 9 is a hydrocarbyl group or an alkyl-terminated polyether 
group; 



10 



(B) at least one hydrophilic monomer selected from the group consisting of 



B(l) sulfonic acids represented by the formula: 



15 



R 4 O 

CH 2 =<i c — ; 



X-R(— S0 3 H) n 



20 and salts thereof wherein X is 0 or NY, where Y is hydrogen, a hydrocarbyl group of 1 to 18 carbon atoms or - 

R(-S0 3 H) n , R 4 is a hydrogen or a methyl group, each R is independently an aliphatic or aromatic hydrocarb- 
ylene group containing 2 to 1 8 carbon atoms, and each n is independently 1 or 2; and 
B(ll) styrenic sulfonic acids and salts thereof; and 

25 (C) at least one ethylenically unsaturated branching monomer; 

wherein the salts of component (B) are selected from the group consisting of alkali metal salts, alkaline earth metal 
salts, salts of the metals Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu and Zn, and ammonium salts; 

further provided that if A is A(l) then the ratio of moles of A to B is 95:5 to 25:75; and if A is A(II), then the ratio of 
moles of A to B is 90:10 to 25:75; and where the amount of branching monomer C is sufficient to provide reduced 
30 mist formation when said aqueous metaJ working fluid is subjected to metal-working conditions but not so much as 
to cause substantial crosslinking of the polymer. 

[0010] Various preferred features and embodiments of the invention will be described hereinafter by way of non-lim- 
iting illustration. 

35 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] The term "hydrocarbyl" includes hydrocarbon, as well as substantially hydrocarbon, groups. Substantially 
hydrocarbon describes groups which contain non-hydrocarbon substituents which do not alter the predominantly hydro- 
40 carbon nature of the group. 

[0012] Examples of hydrocarbyl groups include the following: 

(1) hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl), alicyclic (e.g., cycloalkyl, cycloalkenyl) substit- 
uents, aromatic-, aliphatic- and alicydic-substituted aromatic substituents and the like as well as cyclic substituents 

45 wherein the ring is completed through another portion of the molecule (that is, for example, any two indicated sub- 
stituents may together form an alicyclic radical); 

(2) substituted hydrocarbon substituents, that is, those substituents containing non-hydrocarbon groups which, in 
the context of this invention, do not alter the predominantly hydrocarbon substituent; those skilled in the art will be 
aware of such groups (e.g., halo (especially chloro and fluoro), hydroxy, alkoxy, mercapto, alkylmercapto, nitro, 

so nitroso, sulfoxy, etc.); and 

(3) hetero substituents. that is, substituents which will, while having a predominantly hydrocarbon character within 
the context of this invention, contain other than carbon present in a ring or chain otherwise composed of carbon 
atoms. Suitable heteroatoms will be apparent to those of ordinary skill in the art and include, for example, sulfur, 
oxygen, nitrogen and such substituents as, e.g., pyridyl, furyl, thienyl, imidazole, etc. In general, no more than 

55 about 2, preferably no more than one, non-hydrocarbon substituent will be present for every ten carbon atoms in 
the hydrocarbyl group. Typically, there will be no such non-hydrocarbon substituents in the hydrocarbyl group. In 
that case, the hydrocarbyl group is purely hydrocarbon. 
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[001 3] Similarly, the term "hydrocarbylene" refers, by analogy to the term "alkylene." to a divalent material of a hydro- 
carbyl nature. 

COPOLYMER 

[0014] The anti-misting aqueous compositions contain a copolymer which is formed by the copolymerization of a 
water soluble monomer, often referred to as a hydrophilic monomer, and a water insoluble monomer, often referred to 
as a hydrophobic monomer, along with a branching monomer. The hydrophobic monomers are alkyl substituted acry- 
lamides, alkyl substituted methacrylamides, acrylate esters and methacrylate esters, the hydrophilic monomers are sul- 
fonate molecules containing a single ethylenic linkage. When the polymer contains alkyl substituted acrylamides and 
alkyl substituted methacrylamides as the hydrophobic monomer then the molar percentage of the hydrophobic mono- 
mer is preferably in the range of 25 to 95 percent based on the total of the hydrophobic and hydrophilic monomers, that 
is, without accounting for the branching monomer. In this case, the molar percentage of the hydrophilic monomer would 
be in the ratio of 5 to 75 molar percent. When the polymer contains alkyl substituted acrylates and alkyl substituted 
methacrylates as the hydrophobic monomer then the molar percentage of hydrophobic monomer, thus calculated, is 
preferably 25 to 90 percent and the molar percentage of the hydrophilic monomer would be 10 to 75 percent. In the 
polymerization reaction the ethylenic linkages polymerize and the resulting polymer consists of a polyethylene back- 
bone with hydrophilic and hydrophobic side chains. Monomers, or amounts of monomers, which lead to cross-linking 
(as opposed to branching) of the polymer are not desirable in the present invention and are excluded. 

HYDROPHOBIC MQNOMERg 

[001 5] The hydrophobic monomer can be an acrylamide or methacrylamide corresponding to the following formula: 

Rj O 

In this formula, R<\ can be either a hydrogen or a methyl group, corresponding to an acrylamide or a methacrylamide 
respectively. R 2 and R 3 are independently hydrogen or hydrocarbyl groups, provided that the total number of carbons 
in R 2 and R 3 is in the range of 2 to 36 carbon atoms. Accordingly, when R 2 is a methyl group then R 3 must be an alkyl 
group rather than a hydrogen. It is preferred that the total number of carbon atoms in R 2 and R 3 be in the range of 4 to 
36 carbon atoms, or 4 to 24 carbon atoms, or 4 to 12, or 4 to 8 carbon atoms. Other preferred ranges for the total 
number of carbon atoms in R 2 and R 3 are 8 to 36 carbon atoms, or 8 to 24 carbon atoms, or 8 to 12 carbon atoms. 
Preferred hydrophobic monomers include N-t-butylacrylamide and N-t-octylacrylamide. 
[001 6] The hydrophobic monomer can also be an acrylate or methacrylate ester of the formula: 

Ri O 
CH 2 =i-fLo-R9 



where is a hydrogen or a methyl group and R 9 is a hydrocarbyl group or an alkyl-terminated polyether group, in either 
case preferably containing up to 22 carbon atoms. It is preferred that R 9 , particularly when it is a hydrocarbyl group, con- 
tain between 2-18 carbon atoms, 4 to 18 carbon atoms, 4 to 12, 4 to 8 carbon atoms, 8 to 20 carbon atoms, 8 to 16 
carbon atoms, or 8 to 1 2 carbon atoms. 

HYDROPHILIC MONOMERS 

[001 7] The hydrophilic monomers usable in the present invention are ethylenic monomers containing a sulfonic acid 
or, when in the salt form, a sulfonate group. These materials are referred to herein as "sulfonate monomers," without 
indicating, however, that they are necessarily in the salt form. Various types of sulfonate monomers have been found to 
be useful in the present invention. One class of hydrophilic monomers are the substituted acrylamides containing a sul- 
fonic acid or sulfonate group, represented by the formula: 
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R 4 0 
I II 

CH 2 =C C — x-R(— S0 3 H) n 

5 

and salts thereof, wherein X is O or NY, where Y is hydrogen, a hydrocarbyl group of 1 to 18 carbon atoms or -R(- 
S03H) n , R4 is a hydrogen or a methyl group, each R is independently an aliphatic or aromatic hydrocarbyl ene group 
10 containing 2 to 18 carbon atoms, and each n is independently 1 or 2. In this formula, R acts as a bridge between the 
nitrogen portion of the acrylamido group and the sulfonate group or groups. The R group can be branched as in the mol- 
ecule 2-acrylamido-2-methylpropane sulfonic acid, which, in its salt form, is represented by the following formula: 

O CH 3 

» II I 

CH 2 =C-C — NH-C— CH 2 — S0 3 " X 
CH 3 

20 The R group can also include phenyl groups, alkyl substituted phenyl groups and cycloaliphatic groups. In another 
embodiment, the sulfonate monomer can be a substituted acrylamide containing two sulfonate groups, represented, in 
its salt from, by the following structure: 

D n so 3 " x + 

25 R4 O I J 

CH 2 =C -C— NH-R-S0 3 * X + 

30 The sulfonate groups can be attached to the same or different carbon atoms. 

[0018] As yet another alternative, the Y in the structure NY can be a second R(-S0 3 H) n group or salt of such a group. 
[0019] In addition to 2-acrylamido-2-methylpropane sulfonic acid and its salts, this class of materials includes 2-sul- 
foethylacrylate and -methacrylate salts and acid and 3-sulfopropylacrylate and -methacrylate salts and acids. 
[0020] Another type of hydrophilic monomer includes styrenic sulfonic acids and salts thereof, which terms include 

35 styrene sulfonic acids and styrene sulfonates as well as substituted styrene sulfonic acids and substituted styrene sul- 
fonates. Such materials are illustrated by the following formula: 

CH 2 =CH 



40 




45 



[0021 ] In all of the above structures, the X + is a cation which is preferably selected from the group consisting of alkali 
metal cations, alkaline earth cations, cations of the transition metals - Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, and ammo- 
50 nium ions. These ammonium ions generally have the formula: 

R 5 R 6 R 7 R 8 N* 

where R 5 R 7 , and R 8 preferably are independently hydrogen or hydrocarbyl groups. The term "ammonium" ion or 
55 salt, as used herein, is intended in a generic sense to include ammonium ions or salts in the strict sense, where R 5 , Re, 
R 7 , and R 8 are each hydrogen, as well as amine ions or salts, where up to three of the R groups are hydrocarbyl groups, 
and quaternary ammonium ions or salts, where each of the R groups is a hydrocarbyl group. It is preferred that the total 
number of carbon atoms in an ammonium cation preferably does not exceed 21 carbon atoms. 
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[0022] A preferred hydrophilic monomer is the sodium salt of 2-acrylamido-2-methylpropanesulfonic acid. A preferred 
combination of hydrophobic and hydrophilic monomers is the combination of t-butylacrylamide and sodium 2-acryla- 
mido-2-methylpropanesulfonic acid, preferably in an 80:20 mole ratio. 

BRANCHING MONOMERS 

[0023] A third component of the present copolymer is at least one ethylenically unsaturated branching monomer. By 
"ethylenically unsaturated" is meant that a monomer contains at least one C=C double bond, and preferably a radically- 
polymerizable C=C double bond, so that the monomer can be introduced into a copolymer as another monomer. The 
term "branching monomer indicates that the monomer is used to introduce a site of branching into the polymer. A 
branching monomer will normally contain a plurality of such double bonds, and preferably two of such bonds. 
[0024] The branching monomer can be generally represented by the formula Z n R n . In this formula, R u is a hydro- 
carbylene group or a substituted hydrocarbylene group, or, alternatively, a plurality of hydrocarbylene groups linked by 
one or more linking heteroatoms (including, therefore, ethers, polyethers, and polyamine groups). The R group will have 
a valence of n, where n is greater than one, preferably 2, 3, or 4, and normally 2. In the same formula, each Z is inde- 
pendently a group containing at least one ethylenic unsaturation, preferably such groups as 

O 

£io£io ^io^io 0 

Q-C=C-X- or Q-6=d:-x-C— 

In these structures, each X is independently O or NH. When X is O, the corresponding structures are esters or ethers. 
When X is NH, the corresponding structures are amides or amines. Each R 10 in these structures is independently 
hydrogen or an alkyl group of 1 to 4 carbon atoms, and each Q is independently hydrogen, an alkyl group of 1 to 4 car- 
bon atoms, an aromatic group, an acid group, an ester group, or an amide group. 
[0025] In preferred embodiments, R is an alkylene group and Z is 



Q-C=C-C-X 



where X is NH, Q is hydrogen or an alkyl group of 1 to 4 carbon atoms, preferably hydrogen, and each R 10 is preferably 
hydrogen. That is, preferred branching monomers are unsaturated N,N-alkylenebisamides or -imides. A highly pre- 
ferred alkylene group R is methylene; a highly preferred branching monomer, accordingly, is N.N'-methylene bisacryla- 
mide. 

[0026] Other suitable branching monomers include polyol acrylates or methacrylates, including ethylene glycol diacr- 
ylate, ethylene glycol dimethacrylate, trimethylolpropane triacrylate, trimethylolpropane trimethacrylate, polyethylene 
glycol (n = 4 - 20) bisacrylate or -bismethacrylate, bis-(2-acryloyloxyethyl)-dialkylammonium salts (such as halides), 
and bisacrylamidoalkanesulfonic acids and salts thereof. Other materials which can be used include the corresponding 
esters of glycerol, pentaerythirtol, inositol and sugars such as sucrose (e.g., sucrose diacrylate). Difunctional materials 
are normally preferred. 

[0027] Alternatively, the Z groups in the formula Z n R 1 1 need not contain the carbonyl functionality shown above. Thus 
a material such as divinyl benzene and homologues thereof can be used as the branching monomer. Other such mate- 
rials include di-isopropenylbenzene and bis-allyl-dimethylammonium salts (such as halides). 
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[0028] This component is referred to as a branching monomer, and not a crosslinking monomer or crosslinker. The 
distinction lies more in the effect the monomer has on the polymer in which it is incorporated than in any inherent feature 
of the monomer itself. That is, the monomer in question is to be incorporated into the polymer in an amount and under 
conditions which do not cause substantial crosslinking of the polymer. Crosslinking of the polymer is undesirable in the 

5 compositions of the present invention because it can lead to gelation, polymer insolubility or coagulation, and diminu- 
tion of antimisting performance. Accordingly, the polymers of the present invention are not substantially crosslinked. A 
crosslinked polymer is one in which there are multiple bonds or linkages between one chain and another, normally lead- 
ing to dramatically increased molecular weight and insolubility. In a crosslinked polymer H is necessary to break several 
bonds or links, in the backbone or elsewhere, before any substantial change in physical properties such as hydrody- 

70 namic volume is observed. Rather, in the present invention the monomer is incorporated into the polymer in such a way 
that it serves as a branching monomer, and thereby provides reduced mist formation when the resulting metal working 
fluid is subjected to metal-working conditions. 

[0029] The amount of the branching monomer is normally limited to 1 mole per 1 00 to 1 0,000 moles of the hydropho- 
bic and hydrophilic monomers described above. Preferably the ratio is 1:150 to 1 :2000, and more preferably 1 :200 to 
is 1 :1000, on a molar basis. Particular good results are observed at mole ratios of 1 :400 to 1 :2500. These ratios can be 
readily recalculated on a weight basis given the molecular weight of the monomers in question. For typical materials, 
these correspond approximately to 1 :98 to 1 :9800, preferably 1:148 to 1 :1 970, more preferably 1 :197 to 1 :980 and par- 
ticularly 1 :392 to 1 :2450 by weight, respectively. 

20 FORMATION OF THE COPOLYMER 

[0030] The copolymer is generally produced by free radical polymerization. The polymerization can be done by well- 
known free radical methods. The general properties of acrylamide polymers, as well as their methods of preparation 
are discussed in The Encyclopedia of Polymer Science and Engineering, Volume 1 , John Wiley & Sons, 1 985 (pp 1 69- 

25 211). The Encyclopedia discusses techniques useful in forming acrylic ester polymers (pp 265-273). The polymeriza- 
tion may be conducted in solution, and by various suspension or emulsion methods. In solution polymerization, a sol- 
vent is selected which allows both the hydrophilic and hydrophobic monomers to be maintained in solution. Mixtures of 
water, acetic acid, various molecular weight alcohols such as, methanol, ethanol and butyl alcohol, as well as polar sol- 
vents such as acetone, acetic acid, tetrahydrofuran, dimethyl sulfoxide, dioxane, dimethyl formamide and N-methyipyr- 

30 rolidinone. A wide variety of free radical sources may be used as initiators including persulfates, redox couples, azo 
compounds and the like. In particular, emulsion polymerization methods may be used to form polymers useful in the 
present invention. The preferred method of polymerization is solution polymerization which is conducted in much the 
same manner as the copolymerization of the binary copolymer, described in greater detail in copending U.S. Applica- 
tion 08/644,600, filed May 13, 1996. Further illustrative details are provided in the following examples. 

35 

POLYMER PREPARATION 
EXAMPLE 1 

40 [0031] A solution of 0.014 g (0.06 mmoi) Na 2 S 2 0 8 initiator in 6 mL water is taken up in a 20 mL syringe. The syringe 
is placed on a pump which is set to deliver 0.07 mL/min. A 250 mL resin flask is charged with 0.012 g (0.08 mmol) N,N*- 
methylene bisacrylamide, 30 g (0.236 moles) of t-butylacrylamide, 13.5 g (0.054 moles) sodium salt of 2-acrylamido-2- 
methylpropanesulfonic acid and 50 g methanol. The reaction mixture is heated to 70°C by a water bath. The reaction 
mixture is purged with nitrogen at 8.5 L/hr (0.3 std. ftVhr) and stirred at 250 r.p.m. using a 3-bIade stainless steel stirrer. 

45 The initiator is added over a period of 1 hour, and midway through the addition, an additional 20 g of methanol is added. 
An additional 50 g methanol is added after addition of the initiator is complete. The reaction is stirred at 70 ft C for a total 
of 4 hours. The reaction mixture is collected, the solvents removed, and the copolymerized product collected as a clear 
material. The amount of N.N'-methylene bisacrylamide comprises about 0.027 percent by weight of the polymer, * 

so EXAMPLE 2 

[0032] Example 1 is substantially repeated except that both the initiator and the N.N'-m ethylene bisacrylamide are 
added to the reaction mixture at a constant rate over the course of 1 hour. 

55 EXAMPLES 3 - 6 and Reference Example 1 

[0033] Example 1 is substantially repeated with only inconsequential variations except that the weight percent of N.N'- 
methylenebisacrylamide, as a percentage of the total monomers, is varied as indicated in the following table. Moreover, 
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the amount of methanol included in the reaction mixture is varied as indicated: 



Ex. 


N, N'-methylenebisacry- 
lamide, wt.% 


MeOH, g 


Ref. 1 


0 


a 


1 


0.027 


120 


3 


0.045 


170 


4 


0.13 


160 


5 


0.23 


240 


6 


0.27 


150 



a - prepared on larger scale, using approxi- 
mately 1 000 g methanol 



20 EXAMPLE 7 

[0034] Into a 500 ml_ resin flask is charged 25.4 g (0.20 moles) t-butytacrylamide, 19.7g of a 58% solution of sodium 
salt of 2-acrylamido-2-methylpropanesulfonic acid (1 1 .4 g active chemical, 0.05 moles), 0.03 g (0.002 moles) methyl- 
enebisacrylamide, 10 g water, and 51 g methanol. The flask is placed into a water bath and heated to 50°C, while stir- 
25 ring at 300 r.p.m. using a 3-blade stainless steel stirrer. Nitrogen is purged through the mixture at 8.5 L/hr (0.3 std. 
ftVhr). 

[0035] In a separate beaker are mixed 0.75 g Triton™ 101 (surfactant from Union Carbide), 1 .45 g Tween™ 85 (sur- 
factant from Aldrich), 4.6 g sorbrtan monooleate, and 66 g naphtha (solvent). The mixture thus prepared is added to the 
resin flask containing the monomers; an additional 34.5 g naphtha is also added. 
30 [0036] A solution is prepared of 0.027 g Na 2 S 2 0 B and 0.022 g Na 2 S 2 0 5 in water, for a total solution weight of 3.0 g. 
The solution is pumped into the reaction mixture using a syringe pump over the course of about 1/2 hour, during which 
time an additional 45 g methanol is also added. The reaction mixture is poured into 1 L naphtha and the naptha sepa- 
rated to yield a polymeric residue which is air dried for 2 hours and then oven dried at 80°C for 16 hours, yielding 29.6 
g of product. 

35 [0037] Each of the polymers of Examples 1 , 3 through 7, and Reference Example 1 are added at a level of 2,500 parts 
per million, by weight, to an emulsion of 3.5% by weight Trimsol™ naphthenic base stock in water. 
[0038] The viscosity and efficiency of mist suppression in the above compositions are measured using the following 
techniques: 

[0039] Measurements of solution viscosity are made by comparing the efflux time t required for a specified volume of 
40 polymer solution to flow through a capillary tube (Ostwald-Fenske capillary viscometer) with the corresponding efflux 
time t 0 of the solvent. From t, t 0 and the polymer concentration c, the inherent viscosity is derived based on the following 
equation 

n,nh -Pn(tt 0 )]/c 

45 

where the concentration c is expressed in grams per deciliter (g/dL). Methanol is used as solvent and measurements 
made at 30 °C and c = 1 .0 g/dL 

[0040] The ability of polymers to reduce mist formation in a liquid solution is evaluated by pumping the liquid to be 
tested at a rate of 32 mL/min through the center tube of a coaxial air blast atomizer. Air at high pressure (200 kPa [30 

so psig]) flows from the outer tube of the atomizer. The test liquid is atomized and the droplet spray is captured inside a 
0.031 m 3 (1.1 ft 3 ) enclosure during an atomization period of 10 seconds. Once the atomization is complete, the flow of 
air and liquid is discontinued and the mist concentration within the enclosure is measured using a portable, real-time 
DataRAM™ aerosol monitor (from MIE Instruments Inc. of Bedford MA), which is a nephelometric monitor used to 
measure airborne particle concentration by sensing the amount of light scattered by the population of particles passing 

55 through a sampling volume. An unadditized soluble oil emulsion, which can easily be broken into aerosols produces the 
maximum concentration or particles is used as a baseline. The results are presented as concentration of particles in 
mg/m 3 

[0041 ] The results are shown in the following table: 
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Example 


N, N'-methylenebisacry- 


inherent viscosity, dUg 


water solubility 


mist, mg/m 3 (a) 


5 




lamide, wt% 










Ref. 1 


0 


2.70 


yes 


7.70 




1 


, 0.027 


2.74 


yes 


7.40 


10 


3 


0.045 


3.09 


yes 


5.93 


7 


0.08 


2.78 


yes 


(not determined) 




4 


0.13 


2.97 


yes 


4.64 




5 


0.23 


2.73 


yes 


3.84 


15 


6 


0.27 


n.a. 


gel 


n.a. 



a: Mist concentrations from composition without any polymer additive is 8.02 and 7.58 mg/m 3 (duplicate runs). 
Ambient mist concentration averages 0.07 mg/m 3 . 
n.a.: not applicable 



20 

CQMPQ$rriQN§ 

[0042] The metal working fluids of the present invention include aqueous based, oil-free compositions. In their sim- 
plest form, these compositions include water, and the antimisting polymer. It is desirable to include the polymer at a 

25 level which is effective to suppress mist. However, even with recovery of used metal working fluids some is lost in use 
and the antimisting polymer is an expense. Accordingly, it is also desirable to use the antimisting polymers at the lower 
levels of their effective concentration range. Many factors affect the level of polymer required to achieve an antimisting 
effect. The shape of the tool and the work piece, the shear level in the particular application, and the rate of movement 
of the workpiece all influence the amount of mist suppression required. The antimisting polymer is typically used in a 

30 concentration range of 0.02 weight percent to 1 0 weight percent, preferably 0.05 to 2 weight percent, and more prefer- 
ably 0.1 to 0.5 weight percent, based upon the total weight of the composition. A mixture of the antimisting polymers 
may also be used to prepare the compositions. 

[0043] In addition to the antimisting polymer, the aqueous metal working fluids may contain additives to improve the 
properties of the composition. These additives include anti-foam agents, metal deactivators, and corrosion inhibitors, 
35 antimicrobial, anticorrosion, extreme pressure, antiwear, antifriction, and antirust agents. Such materials are well 
known to those skilled in the art. 

[0044] The metal working fluids of the present invention may also be oil-in-water emulsions. The emulsion composi- 
tions contain the same types and amounts of antimisting polymers as the purely aqueous compositions discussed 
above. The compositions may also contain the property improving additives which have been used in the purely aque- 
40 ous fluids noted above. 

[0045] The oils used in the emulsion compositions may include petroleum oils, such as oils of lubricating viscosity, 
crude oils, diesel oils, mineral seal oils, kerosenes, fuel oils, white oils, and aromatic oils. Liquid oils include natural lubri- 
cating oils, such as animal oils, vegetable oils, mineral lubricating oils, solvent or acid treated mineral oils, oils derived 
from coal or shale, and synthetic oils. Synthetic oils include hydrocarbon oils and halo-substituted hydrocarbon oils 

45 such as polymerized and interpolymerized olefins, for example polybutylenes, polypropylenes, propylene-isobutylene 
copolymers, chlorinated polybutylenes, poly(1 -hexenes), poly(l-octenes), poly(1 -decenes); alkyl benzenes, such as 
dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di-(2-ethylhexyi)benzenes; polyphenyls such as biphenyls, 
terphenyls, and alkylated polyphenyls; and alkylated diphenyl ethers and alkylated diphenyl sulfides and derivatives, 
analogs and homologs thereof. 

50 [0046] Alkylene oxide polymers and derivatives thereof where terminal hydroxy groups have been modified by ester- 
if ication, etherification etc. constitute another class of synthetic oils. These are exemplified by polyoxyalkylene polymers 
prepared by the polymerisation of ethylene oxide or propylene oxide, the alkyl and aryl ethers of these polyoxyalkylene 
polymers such as methylpolyisopropylene glycol ethers, diphenyl and diethyl ethers of polyethylene glycol; and mono 
and polycarboxylic esters thereof, for example, the acetic esters, mixed C3 - C 8 aliphatic acid esters, C^-C^ fatty acid 

55 esters, and C 13 oxo diester of tetraethyiene glycol. Simple aliphatic ethers may be used as synthetic oils, such as, dioc- 
tyl ether, didecyl ether, di(2-ethylhexyl) ether. 

[0047] Another suitable class of synthetic oils comprises the esters of fatty acids such as ethyl oleate, lauryl hex- 
anoate, and decyl palmitate. The esters of dicarboxylic acids such as phthalic acid, succinic acid, maleic acid, azelaic 
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acid, sebacic acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkyl malonic acids, alkenyl malonic acids 
with a variety of alcohols such as butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol, 
diethylene glycol monoethyl ether, propylene glycol are also useful. Specific examples of these esters include dibutyl 
adipate, di(2-ethylhexyl) sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisoctyl azelate, dioctyl phthalate, didecyl 
5 phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, and the complex ester formed by reacting 
one mole of sebacic acid with two moles of tetra ethylene glycol and two moles of 2-ethyl-hexanoic acid. 
[0048] Mixtures of various types of synthetic oils can also be used, provided that they have suitable compatibility prop- 
erties. 

[0049] The ratio of oil to water may vary from 1 :5 to 1 :200. Any oil-in-water emulsifier may be used to prepare the 
10 emulsions of the present invention. Emulsif iers may be single materials or may be mixtures of surfactants. Typical emul- 
srfiers include alkali metal sulfonates and carboxylates, salts derived from the reaction product of carboxylic acylating 
agents with amines and hydroxylamines, polyols, polyether glycols, polyethers, and polyesters and the like. The Kirk- 
Othmer Encyclopedia of Chemical Technology (3rd. Edition V. 8 pp. 900 - 930) provides a good discussion of emulsions 
and provides a list of emulsifiers useful in preparation of oil-in-water emulsions. 



OTHER INQREPIENTS 

[0050] A typical metal working fluid would include other components such as anti-foam agents, metal deactivators, 
corrosion inhibitors, antimicrobial, extreme pressure, antiwear, antifriction, and antirust agents. Typical anti-friction 

20 agents include overbased sulfonates, sulfurized olefins, chlorinated paraffins and olefins, sulfurized ester olefins, amine 
terminated polyglycols, and sodium dioctyl phosphate salts. Useful anti-foam agents include: poly (alkylacrylates), and 
polymethylsiloxanes. Metal deactivators include materials such as toiyltriazoles. Corrosion inhibitors include carboxy- 
lic/boric acid diamine salts, carboxylic acid amine salts, alkanol amines, alkanol amine borates and the like. 
[0051] Each of the documents referred to above is incorporated herein by reference. Except in the Examples, or 

25 where otherwise explicitly indicated, all numerical quantities in this description specifying amounts of materials, reaction 
conditions, molecular weights, number of carbon atoms, and the like, are to be understood as modified by the word 
"about." Unless otherwise indicated, each chemical or composition referred to herein should be interpreted as being a 
commercial grade materia! which may contain the isomers, by-products, derivatives, and other such materials which are 
normally understood to be present in the commercial grade. However, the amount of each chemical component is pre- 

30 sented exclusive of any solvent or diluent oil which may be customarily present in the commercial material, unless oth- 
erwise indicated. It is to be understood that the upper and lower amount, range, and ratio limits set forth herein may be 
independently combined. As used herein, the expression "consisting essentially of" permits the inclusion of substances 
which do not materially affect the basic and novel characteristics of the composition under consideration. 



1 . An aqueous metal working fluid comprising water and a mist suppressing copolymer formed by copolymerizing: 
(A) at least one hydrophobic monomer selected from 



75 
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A(l) alkyl substituted acrylamide compounds represented by the formula: 



45 




r 3 



50 



wherein R 1 is a hydrogen or a methyl group and R 2 and R 3 are independently hydrogen or hydrocarbyl 
groups, provided that the total number of carbon atoms in R 2 and R 3 combined is 2 to about 36; and 
A(ll) acrylate esters represented by the formula: 




Ri O 



55 



•i 



where R-\ is a hydrogen or a methyl group and R 9 is a hydrocarbyl group or an alkyl-terminated polyether 
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group; 

(B) at least one hydrophilic monomer selected from 
B(l) sulfonic acids represented by the formula: 

R 4 0 

C H 2 =i J! — X — R(— S 0 3 H ) n 

and salts thereof, wherein X is O or NY, where Y is hydrogen, a hydrocarbyl group of 1 to 18 carbon atoms 
or -R(-S0 3 H) n , R 4 is a hydrogen or a methyl group, each R is independently an aliphatic or aromatic hydro- 
carbylene group containing 2 to about 18 carbon atoms, and each n a independently 1 or 2; and 
B(ll) styrenic sulfonic acids and salts thereof; and 

(C) at least one ethylenically unsaturated branching monomer; 

wherein the salts of component (B) are selected from alkali metal salts, alkaline earth metal salts, salts of the 
metals Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu and Zn, and ammonium salts; 

further provided that if A is A(l) then the ratio of moles of A to B is about 95:5 to about 25:75; and if A is A(ll), 
then the ratio of moles of A to B is about 90:10 to about 25:75; and where the amount of branching monomer 
C is sufficient to provide reduced mist formation when said aqueous metal working fluid is subjected to metal- 
working conditions but not so much as to cause substantial crossiinking of the polymer. 

2. The metal working fluid of claim 1 wherein the hydrophobic monomer is A(l). 

3. The metal working fluid of claim 2 wherein the total number of carbons atoms in R 2 and R 3 combined is 4 to 24 
carbons. 

4. The metal working fluid of claim 1 wherein the hydrophobic monomer is A(ll). 

5. The metal working fluid of claim 4 wherein R 9 contains 4 to 1 2 carbon atoms. 

6. The metal working fluid of claim 1 wherein the hydrophobic monomer is N-t-burylacryl amide or N-t-octylacrylamide. 

7. The metal working fluid of any preceding claim wherein the hydrophilic monomer is B(l). 

8. The metal working fluid of claim 7 wherein R contains 4 to 8 carbon atoms, X is NH, and n is 1 . 

9. The metal working fluid of any one of claims 1 to 6 wherein the hydrophilic monomer is 2-acrylamido-2-methylpro- 
pane sulfonic acid sodium salt and the hydrophobic monomer is t-butylacrylamide. 

10. The metal working composition of any preceding claim wherein the branching monomer is represented by the for- 
mula 

2 n R 11 

where R n is a hydrocarbylene group or a substituted hydrocarbylene group or a pluraliry of hydrocarbylene groups 
linked by one or more oxygen; sulfur, or nitrogen atoms, and each Z is independently 
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O 



9-io^io £io$io 0 

Q-C=C-X— or Q-C=C-X-C 



wherein each X is independently O or NH, each R 10 is independently hydrogen or an alkyl group of 1 to 4 carbon 
atoms, each Q is independently hydrogen, an alkyl group of 1 to 4 carbon atoms, an aromatic group, an acid group, 
an ester group, or an amide group; and n is 2, 3, or 4. 

11. The metal working composition of claim 10 wherein the branching monomer is N.N'-methylene bisacrylamide. 

1 2. The metal working composition of any preceding claim wherein the ratio of moles of C to the moles of A and B com- 
bined is about 1:100 to about 1 :1 0,000. 

13. The metal working composition of any preceding claim wherein the aqueous composition further comprises an oil 
and an emulsif ier, wherein the aqueous composition is an oil-in-water emulsion. 

14. A method for lubricating a metal workpiece in a cutting operation, comprising supplying to said workplace the com- 
position of any preceding claim. 
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